The main purpose of the present work is to present an application of the probabilistic preferences composition method to the vendor and carrier selection process in the construction sector of the Southern Region of Rio de Janeiro state, in Brazil. The traditional measures associated with vendor and carrier evaluation are considered in the model and are combined through a preferences composition, which considers the options' uncertainties. In the application, we considered three different suppliers of sand for construction and three different logistics providers, two of them outsourced. Our intention was to verify if outsourcing can be considered a better solution, as proposed by many authors. The results show that outsourcing is the best option for different probabilistic composition points of view as well as when the overall evaluation is obtained by average composition.
INTRODUCTION
The formation of alliances or outsourcing arrangements to satisfy certain logistics needs is not a new phenomenon. Laarhoven & Sharman (1994) already refer to many companies channeling efforts into forming partnerships with logistics service providers to reduce costs. Outsourcing of logistics services has increased over the past 30 years, as has academic interest in the arrangement. According to Blanchard (2008) , annual spending on outsourced logistics services were at that time around USD 150 billion, while in 1993, according to Barks (1994) , the figure was some USD 10 billion a year. This expansion has been even greater in Asia due to the rapid economic expansion of China and India (Bhatnagar, Sohal & Millen, 1999 ; Kim, Hoon Yang & Kim, 2008).
Economic growth in Brazil, along with the country's great need to expand its infrastructure, has been a boon to the construction sector. In the last years the civil construction sector has accounted for above 5% of the country's gross domestic product (GDP). In the words of Paulo Safady Simão, president of the Brazilian Construction Industry Chamber (CBIC), the sector has become "a big player" in the overall economy (Peduzzi, 2011). As a result, following the example of many other sectors, a small but significant number of construction companies have been adopting supply chain management (SCM) for the purpose of improving their performance in an increasingly competitive market (Saad, Jones & James, 2002).
As stated by Safa et al. (2014) , in the construction sector, the cost of materials is around 55% of the total cost and may affect approximately 80% of the project schedule. Masi et al. (2013) stated that in engineering, procurement and construction companies, the average volume of acquisition can reach a peak of 97% of the costs.
According to Vrijhoef & Koskela (2000) , supply chain management in the construction sector has four main aspects:
(i) focus on the interface between the supply chain and the building site with the objective of reducing costs and the duration of the activities at the site;
(ii) focus on the supply chain itself, seeking to reduce logistics costs, lead time and inventories;
(iii) focus on transferring activities from the worksite to the supply chain; and (iv) focus on integrated management of the supply chain and building site.
Further according to the authors, in structural and functional terms, the supply chain for the construction industry has the following elements:
(i) it is a chain that converges to the construction site;
(ii) it is a temporary chain; and (iii) it is a typical make-to-order chain, where each project creates a new model or prototype.
Because of the importance of timely and efficient delivery of materials for construction projects, there is a strong dependence on suppliers of materials and their transport to the place where they are needed. In light of this, the main objective of the present study is to establish an order of priority among the combinations of suppliers and logistics providers, where the latter can either be within the organization or outsourced. Considering a medium-size organization, where the information about suppliers and logistics providers is full of uncertainties, due to noninformatized systems, the main contribution of the present paper is the proposition of a prioritization by probabilistic composition of preferences, a technique to support decisions involving multiple criteria that takes into account the uncertainties on choosing the criteria and applying them. Based on this prioritization, we verify the positioning of the combination involving the internal carrier to make inferences on the decision of outsourcing the task.
For this purpose, the next section summarizes the fundamentals of the assessment of supply and transport. Since this assessment involves multiple criteria, in the third section we discuss the probabilistic preferences composition method, before applying it to select combinations of vendors and logistics providers and discussing the results in the fourth section. In the fifth section we present our conclusions and recommendations for future research.
ASSESSMENT OF VENDORS AND LOGISTICS PROVIDERS
The present section succinctly discusses the evaluation of suppliers and logistics providers, to identify the criteria commonly employed in the literature for that assessment. This will serve as the basis for explaining the probabilistic preferences composition method and prepare its application to the selection problem here considered.
Evaluation of logistics provider
According to Wadhwa & Rivindran (2007) , in the current competitive scenario it is impossible to produce at low cost and with high quality without adequate supply of materials. Therefore, the most important decision is the selection and maintenance of a competent group of vendors. Here our attention is focused on the prioritization of suppliers. According to Weber et al. (1991) , the selection problem involves an assessment to reach two basic decisions: which supplier and how much to acquire from such supplier. Our focus here is not on the quantity to be acquired, but rather on which supplier should have priority. (1998) . In this summary they identify two categories of criteria, one regarding the materials supplied and the other the vendors. The following criteria apply to selecting the materials: (i) quality, (ii) price and (iii) delivery. In turn, the characteristics of the vendors considered are: (i) design capacity, (ii) technical capacity, (iii) manufacturing capacity, (iv) capacity to reduce costs, (v) reputation, (vi) current relationship, (vii) experience, (viii) location, (ix) reciprocity, (x) relationship of equality and (xi) whether or not the supplier is a subsidiary.
Hirakubo & Kublin (1998) reached the following conclusions: (a) the relative importance of selection criteria depends on the type of product or material, with price being the most important for standardized products and quality the most important in custom-made products, (b) price is most important in low-risk situations, (c) when such products are customized, more emphasis should be placed on the vendor's characteristics, like location, technical capacity, manufacturing capacity, etc., (d) acquisition from a current supplier was not important for any of the products analyzed, since customers are disposed to change vendor when it is more convenient, (e) standardized products are associated with low acquisition risk, and purchasing from suppliers with good reputations simplifies the decision process, and (f) for products associated with high risk the supplier's capacities are more important and their customers are more willing to invest in the pursuit of quality.
It must be mentioned that the above study was carried out in Japan and focused on two products that are not related to the construction sector. Nevertheless, we believe it is possible to start an investigation based on these considerations, since we found no other study in the scientific literature for products in the construction area exploring the Brazilian context. Obviously this fact can cause uncertainties in the process, but these are contemplated in the method proposed for treatment of the data, i.e. composition of probabilistic preferences.
Assessment of logistics providers
According to Ballou (1993) , transport is the most visible and important element of the logistics cost in most companies, accounting for up to 60% of their expenses. The transport costs, as stated by Fleury et al. (1997) , are divided into fixed and variable, with the fixed costs further divided into operational and administrative overhead.
Therefore, adequate analysis/selection of logistics providers to compose the logistics chain with vendors is necessary. Bardi (1973) presented the relative importance of 21 factors employed to assess logistics providers, while Gibson et al. (1993) compared the level of importance of different selection criteria used by shippers that have formal programs to choose logistics providers with those that do not have these programs. For the first group, the following priority ranking was found: (i) history of promptness, (ii) quality, (iii) availability of equipment, (iv) service to the client, and (v) discount rates. For the second group (firms without a formal logistics provider selection program), the authors found the following order of priority: (i) discount rates, (ii) history of promptness, (iii) quality, (iv) availability of equipment, and (v) service to the client.
The conclusions of the survey by Gibson et al. (1993) revealed that shippers that take a shortrange view place emphasis onprice while those with a long-range vision pay more heed to the factors that add value to the service. Shippers that give emphasis to price are not interested in reducing their base of carriers, and enter into short-term contracts. In contrast, those that seek to reduce their base of carriers and focus on quality of the service employ systematic assessment methods. Shippers with structured assessment programs require ongoing improvement of carrier performance.
Murphy et al. (1997) compared different criteria to evaluate delivery services from the standpoint of shippers and carriers and concluded that there is a strong correlation between them.
As mentioned, the assessment of vendors as well as logistics providers involves analysis of multiple criteria, causing a certain complexity in the process. In this study we carry out a joint analysis of vendors and logistics providers. The next section presents the probabilistic preferences composition method.
PROBABILISTIC PREFERENCES COMPOSITION
In addition to the existing techniques to support decisions involving multiple criteria mentioned in Section 2.1, the imprecision involved in the present application suggests the use of the composition of probabilistic preferences (CPP) method. CPP, as proposed by Sant'Anna (2002a), is an approach developed to take into account the uncertainties in preference evaluations. According to Roy (1985) , multi-criteria support to decisions is an attempt to provide answers, through a clearly specified model, to questions raised by the entities involved in the decision-making process. By considering the uncertainties in the model specification, the CPP model more nearly reflects the reality.
CPP, according to Sant'Anna (2005), permits objectively combining classifications according to different criteria. In CPP, the classification of options is the result of the composing preferences according to each of the multiple criteria involved in the analysis measured as probabilities. After assessing the preferences based on each criterion by means of probabilities, the overall preference can be evaluated by comparing joint probabilities (Sant'Anna, Nogueira & Rabelo, 2011).
Probability of being the best or worst option
From an operational perspective, the starting point is to rank the options according to each criterion. For a measure of preferences based on the level or degree of presence of some attribute, the relative position of the option can be obtained by numerical values regarding cost, distance, etc. In other circumstances, the attributes cannot be measured quantitatively. In these cases, the base is composed of linguistic classifications such as low, moderate, high, etc., inducing a representation similar to fuzzy classifications (Zadeh, 1965) . Regardless of the case, it is possible to establish an order of priority by means of determining the preferences, depending on the type of criterion -the higher the better, the smaller the better or the closer to some chosen value the better. For the case of linguistic classifications, a Likert scale can be considered.
After determining the ranking of the options based on each criterion, the next step is to calculate the probability that the option is the best according to each criterion individually. According to Sant'Anna (2010), this probabilistic transformation is the key point for the composition of the preferences considering the uncertainties. For this purpose, one must consider that the relative position obtained in the preceding step is, for each option, a measure of the location of the probability distribution of the preference for the same according to the criterion under analysis. Simple distributions are considered preferentially, such as the uniform, triangular or normal.
However, any other model may be employed in the consideration of the uncertainties.
The probability of an option being the best according to each criterion is computed by the integral of the joint density function of the option under analysis, considering an interval for which this option is the best among all options. To compute this probability, we recommend considering the amplitude of the data for the criterion, taking into account the interest in enabling the switching of position among all the options. Equation (1) presents this computation.
In Equation (1), L ik and U ik are, respectively, the lower and upper bounds of the domain of a random variable X ik that represents the preference for option k according to criterion i, while n is the number of options being analyzed and f is the probability density function. The product sequence inside the brackets is the product of the probabilities that the variables are lower than X ik , P(X −k < X ik ), for all the other options involved in the analysis. This product carries the implicit hypothesis of independence of the disturbances of the evaluations of different options.
Note that X ik is compared to the distributions of the other positions, X jk . After making this comparison for each possible value of X i , since it is a random variable, the next step is to calculate the expected value of this product sequence according to the distribution of X i . This calculation must be performed for each option in each criterion. Therefore, M ik is the probability that option k is the best one according to criterion i.
If the aim is to calculate the probability that the option is the worst, given the level of criterion i for option k, equation (2) is used.
Note that, in this case, the value of the variable X ik is the lower limit of the integrals in the product sequence in brackets.
Composition of the probabilistic preferences
Having calculated the values of the options' probabilities according to each criterion, the next step is to combine the probabilistic preferences to generate an overall probabilistic preference.
A way to calculate a general average preference from the probabilities of the option being chosen according to each criterion is by considering these probabilities as being conditional on the choice of the respective criterion and calculating the total probability of preference. The difficulty of this approach is to determine the marginal selection probabilities of each criterion, and this difficulty increases if the criteria are correlated. The problem can be overcome if it is possible to establish a ranking of the criteria and to model the joint distribution of these ranks. In this case, the probabilities of choosing each criterion can be computed in the same way as the probabilities of the option being chosen according to each criterion individually, as discussed in the previous section.
Pairwise comparison of the criteria may also be employed as in AHP in a first step to derive these probabilities of choice. The difficulties involved in the evaluation of inconsistencies in such an approach when the number of criteria is not small and the possibilities of rank reversal are discussed for instance by Gomes & Andrade (2012) and Ishizaka (2012).
To deal with more general situations, the dependence between the criteria can be considered directly to determine the overall preferences in terms of joint probabilities of preference. Modeling the dependence is also subject to distortions, while the probabilistic assessment to the preferences allows for developing and comparing evaluations based on simple assumptions on dependence. Different joint probabilities can be employed, depending on the point of view considered. The viewpoints can be characterized in terms of the choices between extreme positions in two basic orientations, or axes: optimistic versus pessimistic and progressive versus conservative.
With respect to the progressive versus conservative axis, the analyst pays more attention to the probabilities of maximizing the preference. The progressive evaluator looks at the options that are first in excellence, while the conservative evaluator examines them by their ability of not minimizing the preference. The term conservative can be defined as being risk averse, while the term progressive applies to the aim of attaining higher standards.
In the optimistic versus pessimistic axis, the optimistic evaluator is considered satisfied if at least one of the criteria is the best. All the criteria are considered, but the composition employs the conjunction "or". The joint probability is computed so as to maximize the preference according to at least one of the criteria. On the other hand, the pessimistic evaluator prefers options that satisfy all the criteria simultaneously. In this case, the conjunction "and" is used and the joint probability is that which maximizes (or does not minimize) simultaneously the preference according to all the criteria. The expressions optimistic and pessimistic are related to the idea of believing that the most favorable, or least favorable, criterion will prevail, respectively.
By combining the positions at the extremes of the two axes, four measures are generated:
For all the cases, the product sequence varies in i, i.e., along the criteria considered. As described in Section 3.1, M ik is the probability that option i is the best for criterion k and m ik is the probability that option i is the worst criterion k. All the general probabilities described are based on the premise of independence of the criteria. For the case of dependent criteria, see Sant'Anna (2009).
CASE STUDY
As a case to apply the probabilistic preferences composition method, as stated in the first section, we compare vendors and logistics providers of sand to a construction materials store in the Southern Region of the state of Rio de Janeiro.
The criteria considered are those described in Sections 2.1 and 2.2, combined according to Garcia (2005) in the following form:
• Price -unit price of the good supplied plus the unit delivery cost;
• Supply failures -number of times the store is unable to sell the product due to failure of supply/delivery;
• Delivery -percentage of deliveries made on time;
• Quantity -percentage supplied that satisfied the quantity ordered;
• Quality -percentage supplied within the required specifications.
To obtain the price was considered the price charged by the supplier plus the delivery cost divided by the quantity transported. The supply failures were calculated based on the store's history of being unable to make sales due to lack of the product. For delivery, were considered management documents indicating the interval between the moment the order was placed and the moment of delivery minus the promised delivery time frame. For the case of the quantity supplied, the delivery invoices and control records of orders placed and received were analyzed. For quality, the same documents were inspected to note any differences between the specifications of the products ordered and of those delivered. In the case of sand, the product considered in this study, there are three types by grain size (fine, medium and coarse) and two according to condition (washed or impure). Table 1 shows the consolidation of these data. 0  100  96  98  V1T2  690  3  75  100  98  V1T3  620  4  73  97  98  V2T1  590  6  88  92  70  V2T2  600  8  71  100  70  V2T3  560  9  69  98  70  V3T1  600  3  72  92  81  V3T2  675  4  60  98  81  V3T3  610  5  58  100  81 In Table 1 , V1, V2 and V3 are the sand vendors considered in the study and T1, T2 and T3 are the logistics providers. T1 is the internal transporter (meaning the store picks up the product at the vendor's establishment).
From the consolidated data in Table 1 , was derived a ranking by criterion, i.e., we established the rank of the option according to each criterion. In the case of price, the lower the better, so that R$ 560.00 received a score of 8 for being the lowest among the nine options and R$ 690.00 received a score of 1 for being the highest. For the case of supply failures, the lower the better was also the principle for ranking. For the criteria delivery, quantity and quality, the ranking was based on the higher the percentage the better. The results of this ranking procedure are shown in Table 2 . In the present case, for simplicity's sake the triangular distribution was considered in the treatment of the uncertainties associated with every criterion. This distribution also has the advantage of, together with the transformation into ranks, allowing reduction of the influence of possible errors in the initial measures. This is due to the use of an asymmetric triangular distribution, which extends further to the side opposite the observed position for the option chosen. In the present case, this is done by adopting the following parameters for each criterion: (i) lower bound of the domain given by the lowest value among the options minus 10% of the amplitude, and (ii) upper bound of the domain given by the highest value plus 10% of the amplitude. As already indicated, a probability distribution is considered for each option and each criterion, with the mode being the value of the option according to the criterion.
By applying Equation (1), was calculated the probability of each option being the best according to each criterion. Results are presented in Table 3 .
To obtain the probabilities that the options are the worst according to each criterion, Equation (2) was used. The results are displayed in Table 4 .
After calculating M ik and m ik , it is necessary to ascertain the general preferences, as discussed in Section 3.2. In the present case, we considered all types of compositions discussed. Table 5 presents the results.
The prioritization of options can be done according to any of the composition approaches. Here the arithmetic mean of the results is employed. To calculate this mean, OC was considered OC, rather than its complement, as the reason for presenting the complement in Table 5 is only to permit a better visualization of the differences between the options. The final ranking is by the mean, from higher to lower, so that the higher the mean, the stronger the preference for the option. In this case, the order of preference is: V2T3 V1T2 V2T1 V1T1 V2T2 V3T3 V3T1 V3T2 V1T3. Considering each form of composition, it was found V2T3 as the best option in the pessimistic and conservative approach. V1T2 is the best in the pessimistic and progressive approach, VIT3 is the best in the optimistic and conservative approach, and VIT1 is the best in the optimistic and progressive approach.
Since the priority is to maximize the company's profit, the progressive approach should be adopted. Likewise, the prioritization of profit leads to the desire to stimulate the maximization of efficiency in each possible aspect, leading to the adoption of a pessimistic approach. Thus, the preferred combination of vendor and logistics provider would be V1T2.
Note that both the choice of V1T2 and of V2T3 excluded the use of T1, which is the internal transporter. In addition to this, both in the pessimistic-progressive ranking and that established by the mean, T1 is not the first option in any combination with vendors. With the fixing of any vendor (V1, V2 or V3), the internal transporter always is in second place.
From this analysis it can be concluded that independent of the vendor, logistics provider T1 is not an attractive option. That finding indicates that it is not a good option in the present case to maintain an internal carrier. Obviously a decision like this should be based on other factors as well. However, apart from these other factors not considered in this study, the result is that it is better to outsource the transport of this product.
CONCLUSIONS AND RECOMMENDATIONS
This article examines the selection of vendors and logistics providers in light of an approach that contemplates the uncertainties related to the evaluator's preferences with respect to each of the criteria considered. This was done in two forms, first by considering each option's probability of being the most preferred according to each criterion, leading to the results shown in Table 3 , and second by considering each option's probability of having the least preference according to each criterion, as shown in Table 4 . Then, still within a probabilistic approach, we calculated the overall preferences, considering all the criteria simultaneously in the analysis. These results were obtained by considering two axes for evaluation, as discussed in Subsection 3.2, and can be seen in columns 2, 3, 4 and 5 of Table 5 . The sixth column in this table presents a combination of the four preferences composition options by means of their arithmetic mean.
Our secondary aim was to verify the role of an internal transporter in light of the concept of outsourcing and its potential advantages. According to the results discussed after Table 5 , the internal transporter (T1) was not preferred. From the standpoint of the individual approaches, only by the optimistic-progressive point of view was the internal transporter chosen as the best, combined with vendor 1. In contrast, in all other compositions, T1 was not the best in any combination.
A limitation of this study is that we only relied on data from a single month of the company investigated, what may impair the basic data for application of the proposed method to support decision-making. This would be a drawback for any other approach. Therefore, in future studies we intend to observe a longer period to obtain more comprehensive data on suppliers and logistics providers.
